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Abstract

Asbestos is a natural mineral consisting of salts of hydrous silicates fibrous

shape. It can be classified into two groups: (1) serpentine that includes

chrysotile, etc.; (2 ) amphibole that includes amosite, crocidolite,

anthophyllite, actinolite and tremolite, etc. There are many kinds of asbestos
products with wide application, including asbestos panels, pipes, asbestos
cement and fiber cement board. The government has prohibited
manufacturing these products since January 1, 2008 in Taiwan. But

individuals may still expose to these products from daily activities.

In the past, organic solvent with Ag filter paper at temperature 600°C was

used to analyze asbestos products. However, this analysis takes time, and the
filter paper is expensive and unstable.

XRD was used for analysis in this study, and JIS A1481(Japan) analytical
method was adopted as reference. Besides, we also took some steps with
different pore size, acid concentration, hot water bath and shaking procedure

to establish the best conditions for the analysis of building materials.

The results showed the best conditions and procedure are : filter the sample
with 100 mesh, add 20ml of 20% formic acid and 40ml DI water, disperse
with the ultrasonic cleaner for 10 minute, then staying for 12 minute in the hot
water bath(25°C), and collect sample by suction filtration on a 25mm T60A20
filter paper. The study aimed to established the method to determine the

asbestos content in building materials.

Meanwhile, asbestos content was determined with XRD. Building

\Y)



materials such as ceiling, partition, calcium silicate board, magnesium board,
chalk and asbestos tile can also be determined with the same method. The
results showed that these were 2.3~5.4% of chrysotile and 0~0.87% of
amosite in the asbestos tile; 0.31% of amosite in the partition; 0.20% of
amosite in the fireproofing. In sum, this method is speedy, convenient, cheap,

non-destructive.

Keywords: Asbestos, Asbestos tile, Calcium Silicate Board, Magnesium

Board, XRD
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Z = NIOSH 9000 £ JIS A1481 4 47 = j& " i1

P NIOSH 9000 (1994) JIS A1481 (2006 )
A LS
13 % (T60A20)
i g i £ 7% ik ik 2
&R oL RN
2
AT I (Al or Zn)
e 7P -
fel D i A% = 1 LA
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%4 JIS A1481 & * X sk ¥e54 ik
AATARY ERETF

A 4

F2 sk 2 (100 mesh) 4 47 & 0 18

A 4

R o FE * (Znoor AD)

A 4

LEha

(i

A 4

> W RHE UL

v

v

% e oKig iR R ST

* e bk AL R B AJE
25°C ~ 30°C ~407C ~50°C

0% ~5% ~10% ~20% ~ 40%

A 4

e B PR R
% lmin > & 12min ;
% bmin > & 12min ;
% 10min > & 12min ;
A Iminc £330 fyte s 1~ 30 (£ = =)

Btk A 4 0k
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F=2F WHasgiE
* 1

1. v %% JAWEIL11

N

T JAWE211
3. # %4 JAWE3l

4, txf& TEDIA,Formic acid 96%

o
I. £ &% : PYREX, 15mm*110mm
2. g g @ SIBATA,lml, 2ml, 4ml 10ml
3. %7 : SIBATA ~ PYREX, 100ml
4. RRT
5. 417 & : 100mesh:BUNSEKIFURUI KUANG YANG
6. % ~¥g : 40ml
7. #%5% 1 250ml
8. * ¥ £ F : SIBATA, 100ml
9. %47 :PYREX, 250ml

10.7# % : KIMBLE, 5 3/4 inch
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11.25mm B =z & ¢ -’:T“s;}zt BRI s A T60A20: 25mm Fiber film
T60A20

12.25mm % g % :KONTES, microfiltration assembly, 25mm,
ULTRA-WARE

135 24 2

14457

®E
1. #* & ;'3 i FA2$8  high speed grinder RT-02A 150G
2. 5 ¥ ¢ ABM Greiffenberger antriebstechnik GmbH ME2c
3. kg EREIFIE - TAIYO, thermo minder Jr-80
4. 7 =#HF T F X T ! electronic balance, AND,ER-182A
5. 44 A H=F B ultrasonic cleaner, DELTA DC400H
6. 4 &£ E  FISONS HAAKE EK51-1
7. A %-k4 : MILLIPORE Milli-Q PLUS
8. X k¥4 47k  SHIMADZU X-ray diffractometer XRD-600
9. HF 1

10. ¥ P2 4p % ¢ CANON 350D
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EE R ERETEY T3

X ks RELFGLI AT L A L2 2 LRAFGFER
SRR REEIY PR PRI B AN TERE L I X kS
St RETHE &P AL S R B TR 4 R A
M bR BT X kMR- MAREL & 1% P B AL
BT 7 @ 8B s 177 N E RIS TR AR €33
BBESLET R T X RESRAL ORI AP R
i‘ﬁﬁ\i%ﬁl:}é%?% ;ﬁdl/’r, 7 B s fr-}ﬁ,%m#’—;,t
ERb st~ B2 HRRT - A7 L £ JIS Al148]
S E L L I (Bl ) FiedRiFEsjcikr (B7) 2
XK SES R A 17 AL G SRR/ AR RAITE IS R DA T 4

BeiE > T FR G B .
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#100mg #> % % & (N=3)

2 ¥ Fl4aAsig? o 4,91‘ 4v 40mL DI -k 22 20mL 2. 20%#% fix

Rk ARTERT 1A

2R B4 30°C1CRig » #8530 )18 B2k 1.5 2 45> & 4F o

it =¢

% 2omm Eim EE Y (T60A20) At Jc &~

i * X-ray $EH T E AT

(e h AR STt 2 )

Ble p & JISAL48] 7 9445 % indz
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Bl 6 AGR R Zn & ALA T A 74 %)

R L

AR R(In & Al R A8 8 7 st &)

RIS ERTITE LS

BT P ~ JISA1481 %%ﬁ"ﬁ"}»‘ii’ﬁﬁ ok 1B
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¥- s
PABSZ 100cm’ 2 Kol AT E F F ok R AR
FWSE R L B GRS R R AR Bl T 7 AT
PR  PAPL R OPENFERAPY FREI A FEREN BT
A BFREABEN FF o TR T R IR R
B b K BB BRSNS R E R S SR
B E Y 100mesh 4 47 éF F > BoAdqéd T 3 4 F (S B 40ml kA HY o
WA AR AT RPN BB AT R R o Xk e R R

A 4705 & 2Bk R (AT ) e A7 R0 Hac Y 5 ENVE T A

¥ @A
FRBAIHR G RME 0 ART S 25mm R r £ ¢ Rk
1 (T60A20) feEetrd BEE S » T X FN X LR EA,7E F
BRI EBE (Zn) 248 (Al)> 2 £ B~ 40ml ik A5g7P chfi 2 2307
FHEOHF BT A2 TLP fE 100mg > 23t 100ml T B ALY F B AP B
B> &4cr 40ml 2 33 -k 20ml # kB kAR - 7 B GvRIEE R
PRORFERT D 25mm B FERATY 25mm R £ R R

R AR A (T60A20)  f ARFo 180 X L ¥st ik T8 A 17 1% 2 4 47
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237 P A JISAL481 T %

'E"’/\ X sk ‘%-&’Tli‘/’a\‘%ﬁ’ (=3 =

iy L& A TE
X-ray % t CuKa line CuKa line
¥ % rLH G rRE G
1w # DS : 1° DS: 1°
R e i
ﬁﬁ%&] 20 : 5°~70° 20 11°~13°(9 % 37)
201 9°~12°(3k ~ § 7 )
20 : 38°(4F)
20 1 43°(4%)
¥A%EER 60rpm 30rpm
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¥z & Rlapiagug?
7]‘1;:[71: %ﬁd 100mesh & g &7 0 {8 e % R 2 24740 F £

£ 40 b 4 G bR T SRR 0 Xk SESd R B SR e AAT Y A A

Ns

A d e m R Ed PN B R R 1S sl R A & 100mesh 18 g 6
ERBEAE R X REREAF T - R ad P EXNFEL
F8 18 e R 12 100mesh i ijg & 8 g 16 Fimfe Tk R F 1 Xk BES iR
AT B RERN TS ITIERETLITRR o TR R R A
AT G TR A PR AT X RS R AR R T e

T A AT R

o
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Fr & AARFESTREATE

%% JISAI481 915 2 ¢ > Firh T HHEAER M2 T AL
A REES TR 2 RH DT AT R R RS e @ A
2R T ST EE (Zn) 248 (AD kg T4 AR TR

I 4k 527 NIOSH 9000 erA 45 2 dpv P EAp g i 2 - R o vt

AT ZEN-ROARRRE A FTHR? EY - %7 0 g

S8 (Zn) fr4s (AD) 52 P8 T L E4FA 5= 5 0 K Tioi
*ﬂ —g ‘f‘—"%—)ﬁl % ﬁﬁ:a A ﬁ’Zp’;z E Nt _:%]'z ﬁ': A A *% i\' ;’E'J ﬁ’if,{% % A
% o
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I8 @A

SRR AAG Y HESF PRPAS B ELARSE

=

Ik

i
£ HGEF WG HEE S R R T A A L
R R RO TIRALIZ G F Rt i > kA AR (doR T )

HEERFDT RS T > LR AIRAT Lg% o
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Lagd 25mm Ror 4 o i R IR A (T60A20) F=F
EHEBFE R R PR F RN RN R S lomg
T4 r Smgilml Fukfrlcml REABRTBRT 1 248218 0 &3
B30T kig? FH#H£ 304 % 14 30+ = FHE 5D 25mm BH F

Bkt o 25mm B & o FH R KA (T60A20) ¢ o

S\

RICHE W X LEHRA P 2H - F TR BT WDMENE R T
FREAITED D 2R F 20 PR EERERGTE S B o

B2 4 0.995 2} o
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-8 3 upEn
APFREFZFRTARDT Ay F - T2 BRHRT K

WIZERFRAZRTNSFFTZE AFTHEY ERHEMREE ¢
( American Society of Testing Materials, ASTM ) 2. % & > M & 3R 2
BMEBEREFTXERPIE ) TREZ B HF o P HTIHEZ
L I REFHLG U TIOER R TR KBER S RE
P53 RARE lﬁ;%&"f MITHERPEERBEMNEER S PR
RPN QU
LLD= [SD/mean(peak area ) x concentration }
LOD= [3 x SD/mean(peak area) X concentration }

AEL AT ERE LR Y O F W RENE F Rk A

MERE AR AT SR AR L AT 0 R
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A8 RRER

T ARAAS A AR T - A5 &R e

oo - RPN E L AP Y T Y PARE ZERRE AR
BB AP Y R S R B G NS T AL 7
PR R JIS A1481 R 2 E Y T RS auE kBT TR T
TR R T AR AIE A B G 1 0% ~ 5% ~ 10% ~ 20% ~ 40% » F o
Pl kR R ARSI EF BER LR IFZ B A o p RITELET Y
IR RR IR TALE > T2 AR T R AR
et X RSEHRAT T fREiAR AT F € F]F RIER KD B

L R N I
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Flo+ p kA JISAI48] A 453 2@ BT 4 30C kis® Fita A

ARERT OBEKALSFSFFTEF IR BERBIERT B A EED K

“

RO (S Ao T EEenRE > Fot R R 0 Sl 2 25°C ~30C ~40C -
SOC2REARTHRFZBHRA p RZHELI Y I 2HHTR S
AR E > TR FRER T R A IR e X R SRS IR A
oo fEbaAp A LT EF BRI ARILER A PR WA

F

Ik
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e BRERALSIT

ABBEHE AL )RR TN 0 X kSR A 47 5°~70°
e to > AATRIGERY X RS REMPPLANETS 77 PIHT -
TERERBERAMNAFTL OB F LT ER I BRI mALT PR

FORBE X R B RE > REFWE T F oo
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%2 B EaIEB A AT

EHEE A

. %3 o7 2
2. BHA §MRB
3. FHL PG
4. THI FRWIEM
5. FRERF

6. H606 B it 4F 4

B 54
7. kA%

e
B

i
“e

8. P AR AT AIRTE LW F R
9. P &% A&KAM # FL4T 5

10. Rt 7 fasr i

11. HC( " #)F phét 4w

12. 45 £ % 805(4& 4 #2)

13. B4 £ % 53008 = X)

14. BaF 3 % SI0(E 4 &)

15. % &

16. 3 ~ @&
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(CES)

T

(CES)

T

##% Multi Plot #+*

[Group: §tandard, Data:sample] 080129a020f

T e B S ‘ ‘ ;
BT il
2000 e eeereeee Tz e
0 TR R e E L
10 20 30 40 50 a0 ™
Theta-2Theta (deg)
: : [Group: Standard, Data:sample] 0801304020rough
4000 : : :
ok /g“’(
] e y il
2000
0 o T R o T R
10 20 30 40 50 60 0

Theta-2Theta (deg)

)

~

7

Fe g AP R A R R
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Fo8 ARFESIREATE®

AP AERERT > §FHRAERHEY TS L EMR ARG S
Fooa AARFEES T 22 50 UREFEFE A - R 2
FlP A L R XM RS S MR R P Y TAARRES T
AP - RZ O g ANERE R SR R AT R AR P E SR AR
MR EAMPRILMZ EY KL AT ORE > 27 447481 (38°) (B
=) 2 & (43°) (B~ “XhESRDENER - E4TE3E R
R T P A4 hCVIE > 4B CV=0.95% (£ = ) ; & CV=0.39% o
TR AET EEEE BEY ARART R RDE Rkt~ A RfEE
0 AR T B L AR T s iRy s kg R R

BB ST L e & % e
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[§=3=F=5"

T

t o Plo 1

1500

1[5 EER—

3004

[evoup: ZE5 iger, Data:0R0216] DR02L6bkelLL]
(Group: G filter, Data:080218) 0R0218bkallll
(Group: TEE filter, Data:080218) 040218bkallll
[Group: 256 er, Deba:080216] 0B0210bkal1t1
(Group: G f11ter, Daba:0B0218] 080218bkallll
(Group: ZB5 f11ter, Daka:080218] 080218bkalilt
[Group: BB fL1ter, Deba:080216] 030218bkallts

I L L R R
b ml e .6 e bii h.2 0.4 3.0 .4

Thete-2Theta (deg)

Bl- & E4 417 - RE
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[ =R =]

>

¥ Hulti Plat 5%

5000 _ ‘
Group:%}Efllter, Deta:080218] 030218bkznill

[

(Group: G filter, Daba:080218] 080218bkznill
(Group: A filter, Deka:030218] 080218bkznill
[oroup: 256 er, Deta:090218] 080218bkant11
(Group: G filter, Data:030218] 080218hkznlll
‘ ‘ ! ‘ ‘ U eroup: B filter, Dara:080216] 080218bkznill
LUl """"""""" """"""""" """"""""" """"""""" """""""" """ ['G'Eb'ﬁp':ﬁﬁ'fﬂ't'e'f}"iié?:'é':'ﬁ'ﬁ'ﬁ'z'i'ﬁ']'"GS'OZ'iE'EEéHii'i'

3000+

2000 1

1000+

2 2.2 2.4 2.5 i2.8 43 3.2 i34 §3.6 43.8
Thets-2Theta (deg)

B~ B AT 4 17 - R
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- HFEEF L - - KRG

AR 5 R BriE 98 R
1 17050 61053
2 17447 61811
3 17021 61526
= #e 4 17347 61627
5 17169 61678
6 17098 61553
7 17075 61561
T 17172 61544
Bl 162.70 237.31
%3 %B(%) 0.95 0.36
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AT REVT R GBI RIT R A A NI £ &
I B 3 5h 0 AR $HEPRR L AT chdEST & (29°) T U g Bl R 2AELR R

AR EHBHY (B4 ) TP RRBRAT UF R AL R 2 i

L d FYF AL R (R )d BT g IR A R e
¥R EE R YRR gtk o
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®%%  Multi Plot #%%

I (Cces)

[Gropp:Standard, Data:5050422filter156q]5080422filter156q
] [Grofp: Standard, Datjasisample ]:080415LuiKeng
2080 e —
H H | | ! Py
TR S S —— A S S —— S—
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v Ly
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Yr & RERcuE:
L7 v 25mm Ko 4 o G RaE s k) (T60A20) £ &
EEFEELTE KD PR F TR AR AL RE R Eimg ¥

dvr Smgilml chikpie ml > RF A BRTRRT | 48218 > &%

fd

30C-kis® #4430 4% 1 A~ 304 X FHkS > i5d 25mm ik i
iz v 25mm For & o Fi Ry aip K (T0A20) * > A Kig
TN X LEHRATY 2R FEH PG NENER(RL - )
T EIe FRFFR - BERERBERT SN o
R A 0995 M o hFFEI S THAFRFL P W
0.11~4.92mg (Bl = ) #4F W% » 0.09~52Img (Bl = ); + £ 4% >

0.15~5.0lmg (Bt =2 ) »r &% =3+ 0.995 o
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$I & iR

e T ARTWE TR RERLBMEERES T XL RRIT
(B3 ~Bl+- ) T RFzdstaff 3 HETHE2REL > ]
BHRERLALUTOER R HEER S HREU BIRE R L
FUTEER L RERESBER S E AR AT ERER
BRELE A A Fr T S hg %0 BN BT L 0.015 mg o > E i ER
L4 0.046 mg; AT WO E BRI A 0.025 mg o B RET L 0.076

mg; F & Wi pHETE 0.010mg > 3 R L 0.030mg (£ )
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I (cES)

*FF Nulti Plat  #%%

400

350+

300+

250

! [Group: Standartl, Data:OBUGlS—fﬁ‘fE] n80613ch
i [Group: Standard, Data:0B0613—87f%] 080613ch
! [Group: Standard, Data:0BOB13—@7HE] 080613ch
{ [Group:standart, Data:080613-+EM) 0806L3ch
! [Group: Standaril, Data:0B0613—E7f] 080613ch
! [Group: Standard, Data:080613—37ff] 080613ch
]

i [Group: Standart, Data:080613-+3fE] 080613ch

200

T
9.5 10 10.5 11 11.5 12 12.5 13
Theta-2Theta (deg)
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Standard
Standar'd,
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Data: 080613—@2%]
Data:080613— 4]
Data:080613— 2]
Date: 08061357141
Data:0806L3— 8]

NG06lire
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NG06lire
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080613re
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T
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5% Nulti Plot

T
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Gtandard,
Gtandard,
s Standard,
s Standard,
s tandard,

Data:080613green ] 080613green
Data:080613greent] 080813green
Data:080613grasn?] 080EL3grasn
Data:080613gTeent] 08013green
Data:080613greens] 080813green
Data:080613greenT] 080813green
Date:080613greet8] 080613green
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A RERSNER BRI R

v % M (count) mg  F £ W(count) mg AR F H(count) mg

1 1315 0.0929 1681 0.1767 2692 0.1349
2 1718 0.0942 2025 0.1742 2814 0.1367
3 1543 0.0964 1590 0.1643 2820 0.1325
= 4 1773 0.1090 1399 0.1714 2614 0.1370
5 2001 0.0913 1517 0.1731 2769 0.1308
6 1276 0.0902 1456 0.1887 3088 0.1328
7 1529 0.0914 1946 0.1700 2425 0.1348
TioiE 1593 0.10 1659 0.17 2746 0.13
i 257.83 0.0065 241.710 0.0075 204.52 0.0023
22 %8(%) 16.18 6.83 14.57 4.33 7.45 1.70
LLD (mg) 0.015379616 0.0253573 0.009996246

LOD (3LLD) (mg) 0.046138849 0.076071899 0.029988739
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28 RpER

AEFTEYBRBRREFT T R ER T R IZ A B 5 0%~ 5%
10% ~20% ~ 40% » #5d 3 Ir kR bk ph el 7 fik & & W 1T = B R4
ABEE . P RITEST IR I CERPRTFIATEHEE > T ER
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